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Aggregating Dictyostelium cells secrete cyclic AMP
to attract their neighbours by chemotaxis. It has now
been shown that adenylyl cyclase is enriched in the
rear of cells, and this localisation is required for
normal aggregation. 
Dictyostelium discoideum cells undergo a major
lifestyle change when they get hungry. They grow as
unicellular amoebas, but when food starts to get short
they aggregate into masses of up to a million cells,
which in turn differentiate and sort out into mushroom-
shaped fruiting bodies. Aggregation and differentiation
are rigorously controlled by a multitude of signalling
pathways, which together cause cells to behave with
amazing synchrony. Sydney Brenner is said to have
remarked “Good God! Molecular Fascism!” on seeing
thousands of aggregates simultaneously forming fruit-
ing bodies [1]. Cell behaviour is regulated just as tightly
during aggregation. Every few minutes, waves of
movement propagate outwards from random centres.
As the front of a wave passes, the cells in its vicinity
lurch towards the source of the wave. Each wave thus
pulls every cell it passes towards the centre, providing
a simple mechanism to coordinate aggregation; the
process is so efficient that only a few tens of waves are
needed to convert a homogenous lawn of cells into
discrete aggregates of as many as 106 cells. 
In Dictyostelium, the waves of movement are
choreographed by cyclic AMP (cAMP). One cell at the
centre emits a pulse of cAMP. Cells that receive a
cAMP signal also emit cAMP themselves, which
reinforces the signal and can allow a single wave to
persist for several centimetres. The surrounding cells
move by chemotaxis towards the source of the cAMP,
generating the wave of movement. This highly sensitive,
synchronized chemotaxis is a boon for experimental
work — aggregating Dictyostelium cells are essentially
specialized cAMP chemotaxis machines, which has
lately made Dictyostelium the favourite organism of the
chemotaxis field.
About halfway through the process of aggregation,
the cells’ behaviour alters — they elongate, join up
end to end and form thick streams which allow yet
more rapid and well-coordinated movement. Most
researchers have hitherto believed that this behaviour
is controlled by specialised cell–cell adhesions, but a
recent study [2] suggests a new view. Kriebel et al. [2]
have shown that adenylyl cyclase A (ACA), the enzyme
which makes the cAMP used in aggregation, is
enriched at the rear of polarized cells. This implies that
the cAMP signals in streaming cells are far more
spatially defined than previously thought. It appears
that streaming cells are not responding to broad
cAMP waves sweeping past them, as they see early in
aggregation, but rather to a localised signal from the
posterior end of the cell in front. 
These localised signals cannot be shown directly,
unlike the earlier, broader cAMP waves, which were
revealed in a gorgeous experiment using isotope
dilution some years ago [3]. As well as being built on a
very small scale, the localised signals are extremely
short lived, as cells secrete large amounts of a very
active phosphodiesterase [4]. Kriebel et al. [2], however,
have demonstrated their presence in several ways. The
clearest was by following chemotaxis in ACA null
mutants. Lack of ACA does not seem to affect cells’
ability to do chemotaxis, but it does change the pattern:
if a microneedle full of cAMP is held near a plate of ACA
null cells, they all orient towards the stimulus (Figure 1).
Wild-type cells are more subtle: they orient in a curved,
fan-shaped pattern, with more distant cells pointing
towards other cells nearer the needle, rather than the
needle itself (Figure 1). Presumably in streams, where
the cell density is far greater, each cell’s responses are
almost exclusively towards the rear part of the cell in
front. In other words, streaming cells are not armies
marching to the decree of a few molecular fascists, but
more like a long line of dogs sniffing one another’s
bottoms as they walk in the park (as a crude scientist
remarked at a recent meeting).
The discovery of localised cAMP secretion is remark-
able for a number of reasons. It emphasises one of the
basic tenets of cell biology: cells are not homogenous
blobs, and to understand how they work, we shall have
to think architecturally. Secondly, it points to an
unknown set of molecular signposts defining the back
of a cell. The chemotaxis field is just starting to under-
stand how the front of the cell is defined. Inositol lipids
with 3-phosphates, in particular phosphatidylinositol
3,4,5-trisphosphate (PIP3), seem to play a fundamental
role in specifying the leading edge [5]. The shape of
polarized cells is maintained by a feedback loop which
allows PIP3 to stimulate its own production, so leading
edges tend to remain constant [6]. Localised sources of
chemoattractant can cause cells to repolarize, appar-
ently by creating a PIP3 signal which exceeds the
capacity of the feedback loop to maintain itself, allow-
ing cells to turn up chemoattractant gradients. But this
offers no hints as to how the back is defined. There are
two basic problems. Firstly, what is the signpost? It is
hard to see how the absence of PIP3 could act as a
signal to localise proteins. Secondly, how would ACA
use the signpost, whatever it may be? Moving a protein
with twelve transmembrane spans is not as straightfor-
ward as relocalizing a soluble protein via a PH domain.
The first problem is perhaps the hardest to deal with.
When Kriebel et al. [2] found that the positional locali-
sation of ACA was important, they must have licked
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their lips at the prospect of solving an old riddle about
Dictyostelium. Normal activation of ACA — and thus
the whole process of cAMP signalling and aggregation
— requires a protein called CRAC [7], which binds to
PIP3 through a PH domain, the role of which has
always been a mystery. Might CRAC’s position at the
front of a cell be connected with ACA’s localisation at
the rear? Unfortunately, this is just another case of the
slaying of a beautiful hypothesis by an ugly fact. CRAC
mutant cells localise their ACA to the rear just as effec-
tively as wild type, and the connection between CRAC
and ACA is more mysterious than ever — how can they
both be needed for the same process when they are
not even found in the same place?
There are other proteins which are found at the rear
of a polarized Dictyostelium cell, and no real answers
about how they get there. The most significant is
PTEN, the phosphatase which breaks down PIP3 [8,9].
As with ACA, the million dollar question remains what
holds PTEN at the back of a cell. The signals that
localise PTEN and ACA seem unlikely to be the same.
PTEN redistributes rapidly from the membrane to the
cytosol as cells signal [9], while ACA probably never
leaves membranes. A second rear-facing protein
frequently mentioned in the literature, myosin II, was
found to be strongly enriched at the backs of cells
moving under agar [10], a highly-stressed environment
in which cells are flattened. Authors have sometimes
taken such observations to apply generally, but
myosin II usually appears all around the cell perimeter
in cells moving freely on glass. It therefore seems that
the extra forces involved in movement under agar
cause myosin II localization, either actively or pas-
sively. ACA might be localized by a passive mecha-
nism, for example if it is excluded from vesicles that
add fresh membrane to the fronts of moving cells.
This would be closely related to capping, a favourite
observation of early cell motility papers [11], in which
particles stuck to the membrane are swept to the rear
of polarized cells. Whatever the true mechanism, there
is plainly a lot left to learn about how cells tell their
fronts from their rears.
One final point is a great comfort to anyone who 
is seeking consistency in the face of the chaos 
that Darwin seems to have inflicted on biology.
Dictyostelium and mammalian neutrophils are the two
most popular cell types for studying chemotaxis, but
they have an intriguing difference [12]. Neutrophils 
stay still until they are stimulated by extracellular
signals; Dictyostelium cells, however, move incessantly.
Arguments about which cell is ‘typical’ have long raged
— are neutrophils chemotactic cells which are dormant
before stimulation? — but Kriebel et al. [2] provide an
answer. ACA mutant cells do not move much — nor,
surprisingly, do wild-type cells if they are spaced out
enough that they cannot smell one another. In other
words, both cell types behave the same — they are rel-
atively static until signalled, but Dictyostelium cells are
constantly signalling and thus never stop moving. So
although we have a lot left to find out, we do at least
have a chance…
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Wild type (left panel) and adenylyl cyclase
A mutants (aca– cells, right panel) moving
by chemotaxis towards a microneedle
containing 1 µM cAMP. Wild-type cells
form streams, while aca– cells orient
individually towards the needle. (Images
courtesy of Paul Kriebel and Carole
Parent.)
